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TOWARD RAPID DETECTION OF Phytophthora cinnamomi  
IN APPALACHIAN STREAMS 
 
Kenton Sena, Chris Barton, Ellen Crocker, and Tyler Dreaden 
218 T. P. Cooper 
University of Kentucky, Department of Forestry 
Lexington, KY 40546 
859-257-8289 
Kenton.sena@uky.edu 
 
The Appalachian region is home to some of the most biodiverse temperate forests 
in the world. These forests have long been threatened by poorly managed anthropogenic 
pressures. Some of the most destructive forces to have struck Appalachia’s forests have 
been invasive pests and pathogens. For example, the introduction of chestnut blight 
(Cryphonectria parasitica) in the early part of the 20th century resulted in the functional 
extirpation of American chestnut (Castanea dentata) from the eastern forests. Another 
pathogen of particular interest across the US and throughout the world is Phytophthora 
cinnamomi. This oomycete pathogen infects oaks (Quercus spp.), chestnuts, and shortleaf 
pine (Pinus echinata), among other host species; thus, efforts to restore species of 
concern (e.g., shortleaf pine and American chestnut) must carefully consider the 
distribution of P. cinnamomi.  
 
Conventionally, P. cinnamomi is detected using a baiting and culturing technique. 
Susceptible host material (e.g., rhododendron leaves) is placed in a stream or soil sample 
for several days to permit infection by P. cinnamomi zoospores. Lesions are excised from 
bait material and transferred to be cultured on medium selective for Phytophthora 
species. If successful, P. cinnamomi cultures are isolated on growth medium and can be 
identified by morphological characteristics of chlamydospores and zoospores. 
Alternatively, DNA can be extracted from isolates, amplified by polymerase chain 
reaction (PCR), and sequenced to confirm identity. Unfortunately, this method is time-
consuming, with both the baiting and culturing steps taking multiple days.  
 
This project was initiated to develop a sensitive and rapid assay to detect 
Phytophthora cinnamomi from streams. Because Phytophthora spp. produce motile 
zoospores which swim toward potential host species, streams have been recognized as an 
important conduit for the spread and detection of Phytophthora spp. As a first step, 
Phytophthora cinnamomi was baited and cultured from soil in Robinson Forest, and a 
culture collection was established at the University of Kentucky. These cultures will 
serve as a positive control for ongoing DNA analyses. Additionally, weekly streamwater 
samples have been collected from four watersheds in Robinson Forest since September 
2015. These samples have been filtered through 3 µm pore size filters, and filters frozen 
for further analysis.  
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This project is still in progress. DNA from cultures isolated from Robinson Forest 
is being sequenced to confirm P. cinnamomi identity. Subsequently, primer and probe 
sequences from established studies will be validated by PCR of DNA extracted from 
these isolates. Finally, this PCR method will be applied to DNA extracted from filtered 
streamwater samples to confirm P. cinnamomi presence. 
 
After this method is validated for detection of P. cinnamomi from streams, the 
method will be suitable for characterizing P. cinnamomi distribution in the region. Paired 
with environmental data, detection data can be analyzed to indicate environmental 
conditions that influence P. cinnamomi distribution. While characterizing P. cinnamomi 
distribution, P. cinnamomi will be isolated from additional samples, and isolates added to 
this collection, which will permit analysis of population genetic structure in Appalachian 
strains. Also, once the method is validated for detection of P. cinnamomi, it will likely be 
applicable with only slight adjustment to detection of P. ramorum, the invasive pathogen 
causing sudden oak death on the West Coast.  
 
ARSENIC IN WATER AND RISK OF CANCER IN HUMANS 
 
Steven Lamm, Hamid Ferdosi, Arnold Engel, and Ji Li 
Steven H. Lamm, MD, DTPH 
Center for Epidemiology and Environmental Health 
3401 38th Street, NW #615, Washington, DC 20016 
202/333-2364 
Steve@CEOH.com 
 
Background:  High levels of arsenic (200-1,000 ug/L) in drinking water are well known 
to cause human bladder and lung cancers.  Previous analyses have presented linear 
extrapolations of risk at high exposure levels and assumed that they represent the 
risks at low levels of arsenic exposure (3-100 ug/L). 
 
Method:  We have reviewed the world’s literature on epidemiologic studies of cancers 
associated with the ingestion of drinking waters containing levels of arsenic that range 
from low levels toward high levels. 
 
Findings:  Analyses confirm the risks at high levels but not the prediction of increased 
risks at low levels. The primary study underlying regulatory assessments has been the 
study of bladder and lung cancers in the Blackfoot-disease endemic area of Southwest 
Taiwan.  Re- analysis of those data, separating out the villages with mixed high and low 
exposure, shows no i ncreased risk for exposures below 150 u g/L for both bladder 
cancer and lung cancer. 
   
Meta-regression of the world’s literature on lung cancer found no increased risk below 135 ug/L. 
 
Looking only at areas with no high median arsenic levels (i.e., 3-59 ug/L), no increased risks of 
either lung cancer or male bladder cancer were seen.   
 
The strength of the evidence was sufficient to reject the magnitude of risk predicted by 
regulatory analyses. 
Conclusion: Drinking water containing low levels of arsenic (< 100 ug/L) are not a cau sal 
factor in the development of human bladder or lung cancers, even though arsenic at high levels 
does cause these cancers. 
        
All   = 0.173x2 - 0.327x   P < 0.0001 
Ecol = 0.158x2 - 0.302x   P = 0.0001 
Non-Ecol = 0.183x2 - 0.341x   P < 0.0001 
Case/Cont = 0.177x2 - 0.299x   P < 0.0005 
Cohort = 0.149x2 - 0.345x   P = 0.0402 
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EXAMINING THE IMPACTS OF VALLEY FILLS IN STREAM ECOSYSTEMS  
ON AMPHIBIAN AND AQUATIC INSECT COMMUNITIES IN  
SOUTHEASTERN KENTUCKY 
John Bourne1 
Stephen Richter, Ph.D.2 
1Address: Patuxent Research Refuge, 12100 Beech Forest Rd. Gabrielson Suite 138, 
Laurel, MD 20708  Phone Number: (301) 497-5775. E-mail: john_bourne@fws.gov 
2Address: Eastern Kentucky University, 521 Lancaster Ave. Richmond, KY 40475            
Phone Number: (859) 622-8688. E-mail: stephen.richter@eku.edu 
Valley fills due to mountaintop-removal mining bury headwater streams and 
affect downstream water quality and ecological function. Past studies have focused on 
generally one taxonomic group or purely habitat and water quality effects. The effects of 
valley fills on s treams was approached from an ecosystem perspective by evaluating 
water quality and habitat, sensitive taxa, and the accumulation of contaminants in the 
environment and sampled taxa. Because of their relatively high abundance and complex 
life cycles, stream salamanders and aquatic insects are important trophic links and serve a 
critical role in transferring energy. Despite this importance, little research has examined 
their community structure simultaneously in aquatic ecosystems. In this study we 
evaluated stream salamander and aquatic insect communities, metal concentrations in 
water and tissue, and stream quality and habitat in 10 streams affected by valley fills 
(VFS) and 5 reference streams (RS) located in natural areas within 15 km of VFS.  
 
Within each stream, a 100-m reach was sampled for the above stated parameters.  
Salamander sampling consisted of three sampling periods on a monthly basis, April–June 
2015. Aquatic insect sampling consisted of a single sampling event in March 2015, with 
water and habitat sampling occurring during each aquatic insect and salamander sampling 
event. The accumulation of selenium was measured in stream water samples June 2015 
and via a non-lethal tail clipping procedure in sampled adult salamanders. This study 
captured 529 individual salamanders of eight species, with captures in RS (n=335) higher 
than in sampled VFS (n=194). A total of 1,034 aquatic insects representing 8 orders and 
37 families were collected, and captures were higher for RS (n=597) than VFS (n=447). 
Abundance, richness, detection probability, and other community metrics of sampled 
salamander and aquatic insects were significantly higher in RS than VFS. The reduced 
abundance and diversity of salamander and aquatic insects may be due to a host of 
interacting habitat and environmental variables observed at VFS. Several habitat and 
environmental factors significantly differed between treatments including an increased 
presence of silt, specific conductance 21 t imes higher in VFS than RS sites, and an 
increased selenium concentration in water and tissue in VFS likely leading to the reduced 
communities of salamanders and aquatic insects observed. By approaching the issue of 
stream health through multiple abiotic factors and taxa, this study provides critical 
information of the effects of valley fills on stream quality and function.  
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THE WETLANDS PRIORITIZATION TOOL 
Caroline Chan, PhD 
Kentucky Division of Water 
200 Fair Oaks Ln; Frankfort, KY  
(502)564-3410 
Caroline.Chan@KY.gov 
 
The Kentucky Division of Water has an approved Wetlands Program Plan. The plan calls 
for the development of assessment tools to bring wetlands into the process of monitoring 
and assessing the condition of the state’s waters. The ultimate purpose of monitoring and 
assessing is to inform decision-making to better protect, maintain, and restore water 
quality in the state. To date, the primary achievement of the Wetlands Program Plan is 
the development of the Kentucky Wetlands Rapid Assessment Method (KY-WRAM). 
KY-WRAM has value as a r apid wetland assessment method in itself, but it was 
originally created to assist CWA § 401 and 404 regulatory decisions. Currently, wetland 
impacts in Kentucky are mitigated at a 2:1 ratio, which does not take into account the 
quality or type of wetland impacted, only the wetland acreage. Because of severe historic 
wetland loss, it is prudent that we protect wetlands from further degradation and loss, 
especially ones of higher quality. When impacts cannot be avoided, the ability to scale 
mitigation ratios based on quality is essential but requires an assessment of condition and 
function.  
While KY-WRAM has been successful in assessing condition, it has yet to be 
incorporated into the decision making process.  This project takes that step and will 
create a tool that will use data gathered by KY-WRAM and incorporate it into the 
decision making process, not only for § 401 a nd 404 regulatory decisions, but also for 
organizations addressing nonpoint source pollution in waterways with watershed-based 
plans funded through the Kentucky Nonpoint Source Pollution Control Program as 
authorized by Section 319(h) of the Clean Water Act.  
KDOW has been implementing the Recovery Potential Screening Tool (RPT) for 
prioritization of watersheds for management strategies. This tool objectively scores each 
watershed based on user-selected social, ecological, and stressor metrics and then ranks 
each watershed (EPA, 2012). This project proposes to modify the RPT to be specific to 
prioritization of wetlands for protection or restoration. The modified tool will be called 
the Wetlands Prioritization Tool (WPT). 
Some essential differences exist between the RPT and the proposed WPT. The RPT was 
designed to compare smaller watersheds within state or basin-wide areas with metrics 
primarily based on characteristics that are determined by land cover and use. Metrics for 
the RPT are calculated based primarily on large-scale, existing datasets such as the 
National Land Cover Database (NLCD), digital elevation model data, and the National 
Hydrography Datasets (NHD), etc. (EPA, 2012). The WPT will calculate scores for 
individual wetlands with inputs determined from KY-WRAM.  
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The RPT assigns metrics into one of three classes: ecological, stressor, and social metrics. 
While these three classes are likely appropriate for ranking wetlands for protection, 
potential mitigation sites need additional consideration. According to the Wetlands 
Evaluation Technique (Adamus et al, 1987), wetlands are evaluated by three 
characteristics: social significance, effectiveness, and opportunity. Social significance is 
the value that humans place on t he wetland. Here, economic valuation is an objective 
measure of these metrics. Effectiveness reflects the services that the wetland currently 
provides. An example might be that a wetland removes (or retains) a ton of sediment a 
year from reaching a particular waterway. In contrast, opportunity is the potential the 
wetland has at full capacity. That same wetland, if between a construction development 
and stream might have the opportunity to remove 5 tons of sediment a year. Effectiveness 
and opportunity will be incorporated into the WPT. How this will be incorporated into 
the WPT and whether the type of wetlands scenario (protection or restoration) should 
change the implementation of this concept will be part of the WPT development process. 
With the RPT, weighting of metrics is a user input. An important part of ranking 
wetlands is the quality of the wetlands under consideration. For both § 319 a nd 401 
programs, oftentimes a particular ecosystem service may be a primary consideration. For 
instance, a § 319 g rant recipient may be trying to address a sediment or nutrient 
impairment. Metrics chosen to be input into the WPT would reflect this focus, but how to 
weight the chosen metrics may not be obvious. For this project, we propose to do a  
literature review of the economic valuation of wetland ecosystem services and to use that 
information to inform the weighting of metrics. Using an economic valuation to weight 
the input metrics will assure the most value for money invested in preservation or 
mitigation. Also, by weighting metrics according to an economic valuation, a general 
knowledge of the magnitude of difference between the wetlands under consideration can 
be obtained for the ecosystem services they provide. 
The completed WPT will move the WPP forward from assessment and monitoring to 
using the gathered information to inform decisions. Upon a successful pilot of the tool, 
KDOW will share the WPT with § 319 and 401 partners to inform their decision-making 
in implementing protection and mitigation projects. By considering economic valuation 
of ecosystem services in the weighting of input metrics, the tool will assist our partners in 
determining which wetlands projects will give the biggest return on i nvestment in the 
quality of the state’s wetlands. 
References: 
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